Journal of Alzheimer's Disease xx (20xx) x-xx Abstract. Age-related changes in brain structure are a question of interest to a broad field of research. Structural decline has been consistently, but not unambiguously, linked to functional consequences, including cognitive impairment and dementia. One of the areas considered of crucial importance throughout this process is the medial temporal lobe, and primarily the hippocampal region. Gender also has a considerable effect on volume deterioration of subcortical grey matter (GM) structures, such as the hippocampus. The influence of age × gender interaction on disproportionate GM volume changes might be mediated by hormonal effects on the brain. Hippocampal volume loss appears to become accelerated in the postmenopausal period. This decline might have significant influences on neuroplasticity in the CA1 region of the hippocampus highly vulnerable to pathological influences. Additionally, menopause has been associated with critical pathobiochemical changes involved in neurodegeneration. The micro-and macrostructural alterations and consequent functional deterioration of critical hippocampal regions might result in clinical cognitive impairment-especially if there already is a decline in the cognitive reserve capacity. Several lines of potential vulnerability factors appear to interact in the menopausal period eventually leading to cognitive decline, mild cognitive impairment, or Alzheimer's disease. This focused review aims to delineate the influence of unmodifiable risk factors of neurodegenerative processes, i.e., age and gender, on critical subcortical GM structures in the light of brain derived estrogen effects. The menopausal period appears to be of key importance for the risk of cognitive decline representing a time of special vulnerability for molecular, structural, and functional influences and offering only a narrow window for potential protective effects.
INTRODUCTION
Age-and gender-related changes of medial temporal lobe, with the major focus on the hippocampus Golomb et al., [160] Size of hippocampal formation predicts longitudinal alterations of performance on memory tests. Murphy et al., [50] Larger age-related total GM volume loss and atrophy in frontal and temporal areas in males than in females, Greater atrophy in females than in males in hippocampus and parietal cortices. Hemispheric metabolic asymmetry in temporal and parietal cortices, Broca's area, thalamus, and also in hippocampus. Raz et al., [43] Largest age-related decline: volume of the prefrontal cortices. Slighter age-related alterations: volume of the fusiform gyri, inferior temporal, superior parietal areas. Weak effects of age on hippocampus and postcentral gyrus. Larger total brain volume and the hippocampus in males than in females. Jack et al., [161] Annual decline in hippocampal volume, increase in temporal horn volume was identified in the elderly. 2.5 times greater rates in patients with AD than in age-and gender-matched controls. Xu et al., [60] Larger atrophy with aging in right frontal lobe posteriorly in males compared to females. Age-related atrophy in right temporal lobe medially, in parietal cortices, cerebellum + left basal ganglia in males, but not in females. Smaller left thalamus, parietal, occipital cortices + cerebellum volume compared to the right hemisphere. No age-and gender-related difference in this asymmetry. Good, et al., [26] Linear global GM volume loss with age, steeper decline in men. Accelerated loss bilaterally in the insula, superior parietal gyrus, central sulcus + cingulum. Little or no age effect in amygdala, hippocampus + entorhinal cortex. Ge et al., [25] Constant GM volume loss, linearly with age throughout adulthood, whereas delayed WM volume loss until midlife. No effect of sex. Scahill et al., [24] Acceleration in atrophy with age in all analyses, prominently after the age of 70, particularly in the ventricles and in the hippocampus. Wang et al., [162] Distinct patterns of hippocampal shape alteration with age, different patterns of hippocampal volume loss may distinguish mild dementia from healthy aging. Sullivan et al., [52] Linear thalamic volume loss with age in a similar pace in males and females, whereas more steep cortical GM volume decline during aging in men than in women. Fleisher et al., [80] Greater deleterious effect of APOE*E4 genotype status on gross hippocampal pathology and memory functions in women as compared to men. Lemaitre et al., [55] Between the ages of 63 and 75 years, largest GM atrophy in primary cortices + in angular gyri, superior parietal gyri, orbitofrontal cortex + in hippocampus. No sex × age interaction. Ahsan et al., [42] Larger left caudate, nucleus accumbens + putamen, and larger globus pallidus in men. Smith et al., [29] Relative regional differences in GM volume frontal, parietal + temporal cortices, no volume loss in medial temporal lobe and in posterior cingulate. No gender effects. Sowell et al., [30] Thicker right inferior parietal + posterior temporal cortices in females. Gender differences in these areas are detectable from late childhood and are maintained throughout life. Curiati et al., [35] Selective focus of accelerated GM reduction only in men, including temporal neocortices, prefrontal cortices, and medial temporal areas. Neufang et al., [65] Larger GM volumes of left amygdala in males, larger right striatal GM volumes and hippocampal GM volumes bilaterally in females. Independently of gender, volumes of amygdala and hippocampus are associated with levels of circulating testosterone. Ostby et al., [36] From childhood until adulthood: non-linear decrease in GM in cerebral cortex, linear decrease in caudate, putamen, pallidum, nucleus accumbens, and cerebellum. Small, non-linear increase in amygdala and hippocampal GM volume. Ystad et al., [163] Hippocampal volumes are important predictors for memory function in elderly women. Hemispheric asymmetry in hippocampal volumes during aging. In females, volume of left hippocampus has predictive value. Gender and left hippocampal volume may predict verbal memory performance in healthy elderly. Erickson et al., [82] Limited time window for hormone replacement therapy to positively influence hippocampal volume. Fjell and Walhovd, Heterogeneous pattern in the atrophy of specific brain areas during aging: largest shrinking in frontal and temporal cortices + in putamen, thalamus, and nucleus accumbens. 2010 [38] Mukai et al., [77] Important role of hippocampus-derived estradiol in the modulation of synaptic plasticity. Goto et al., [83] Reduced GM volume in bilateral hippocampus in females in their fifties (most of them experiencing menopause) compared to females in their forties (most of them not experiencing menopause). → Menopause may correlate with reduction of hippocampal volume. Skup et al., [45] Different patterns of decline with age in males and females in AD group and MCI group compared to healthy controls in precuneus and caudate nucleus bilaterally, right entorhinal gyrus, thalamus bilaterally, left insula, and also in right amygdala. Takahashi et al., [51] More retained GM concentrations in females during aging in inferior frontal gyri bilaterally, cingulate gyrus anteriorly, hypothalamus and in medial thalamus.
(Continued) Faster estimated decline in the elderly in hippocampus. Taki et al., [166] Positive correlations between yearly regional GM volume alterations and age: temporal pole bilaterally, caudate nucleus, insula, hippocampus. Negative correlations between age and changes in cingulate gyri bilaterally + cerebellum. Age × gender interaction between annual ratio of regional GM volume change in hippocampus bilaterally. Crivello et al., [167] Higher GM decline in females compared to males (persistent throughout age ranges) Hippocampus: similarly accelerated decline with age in males and females. Li et al., [58] Age-related atrophy in basal ganglia and thalamus. Hippocampus atrophy in males only, and no decline in the amygdala. Perlaki et al., [57] No sexual dimorphism in the size of hippocampus. Kiraly et al., [56] Larger hippocampus volume in females. Age-related decrease of caudate nucleus, putamen and thalamic volumes in males. Thalamic volume loss in females. Faster decrease in total GM volume in males as compared to females. Hippocampal volume loss appears to become 
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This characteristic pattern of different cognitive abilities appears to persist later in life [91]. Interestingly, Fig. 1 . According to major communication pathways of the hippocampal circuit multisensory input information enters primarily the entorhinal cortex (EC) then projecting towards the dentate gyrus (DG) and the CA3. Pyramidal cells of the CA3 send their axons to the CA1, which then projects to deep layers of the EC and sends the selected information along the output paths of the hippocampus. Additionally, feedback is being provided to the EC. The postmenopausal period and related estrogen loss might be associated with changes in the neuroplastic capacity of especially vulnerable regions of the hippocampus, such as the CA1 region. This region is rich in brain derived estrogen receptors and represents a key area for estrogen related neuronal manifestations. Molecular and pathobiochemical alterations might be present in the background of this deterioration, i.e., mitochondria-related inflammatory, oxidative effects. As a consequence, the selection of relevant information might become impaired or completely altered. In addition, the feedback source of the EC representing the major multisensory input area also becomes disturbed or even absent. In the presence of an impaired cognitive reserve capacity related to several previous internal and external factors, this might be an especially vulnerable time window for hippocampal structural and functional decline. This could result in an accelerated volume loss of the hippocampus and presumably, a consequent significant cognitive decline.
ies to serve as better predictors than MTL atrophy in 505 a longitudinal study design [114] .
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Considering that the volume of subcortical GM 
